The population with multiple sclerosis receiving treatment in clinical practice differs from that in randomized controlled trials (RCTs). An assessment of the real-world benefit-risk profile of therapies is needed. This analysis used data from the large, noninterventional, observational German study Post-Authorization Non-interventional German sAfety study of GilEnyA (PANGAEA) to assess prospectively baseline characteristics and outcomes after 12 months (± 90 days) of fingolimod treatment. Patients were divided into 2 cohorts: fingolimod starter [first received fingolimod in PANGAEA (n = 3315)] and previous study [received fingolimod before enrollment in PANGAEA in RCTs (n = 875), some of whom also had baseline data at entry into RCTs (n = 505)]. At PANGAEA baseline, patients in the fingolimod starter versus the previous study cohort had a higher annualized relapse rate [ARR (95% confidence interval): 1.79 (1.75-1.83) vs 1.32 (1.25-1.40)] and Expanded Disability Status Scale score [3.11 (3.04-3.17) vs 2.55 (2.44-2.66)]. A greater proportion in the fingolimod starter versus previous study cohort had diabetes (2.0% vs 0.7%). After 12 months of fingolimod, ARRs were lower than in the 12 months before PANGAEA enrollment in the fingolimod starter [0.386 (0.360-0.414)] and previous study [0.276 (0.238-0.320)] cohorts. Expanded Disability Status Scale scores were stable versus baseline. Adverse events were experienced by similar proportions in both cohorts during fingolimod treatment. Relevant differences exist in disease activity and comorbidities between patients receiving fingolimod in clinical practice versus RCTs. Irrespective of baseline differences indicating a higher proportion at an advanced stage of multiple sclerosis in the real world versus RCTs, fingolimod remains effective, with a manageable safety profile.
Introduction
Randomized controlled trials (RCTs) of disease-modifying therapies (DMTs) in multiple sclerosis (MS) are designed to evaluate treatment efficacy. In order to minimize the influence of confounding factors, such as concomitant diseases, RCTs often include a highly selected population of patients who are treated in specialist environments under optimal, restricted conditions [1] [2] [3] . RCTs generate high-quality data required for regulatory approval, but the experimental conditions under which they are conducted and the specific population that they often investigate mean that results may not be generalizable to the clinical use of DMTs in the real world [1, 4] . Following marketing authorization, robust real-world studies are needed to assess the safety and effectiveness of DMTs in the population of patients being treated in clinical practice, including those with characterized comorbidities and using concomitant medications [4] [5] [6] .
In light of the need for robust real-world data following RCTs, the large, prospective, observational 5-year real-world Post-Authorization Non-interventional German sAfety study of GilEnyA (PANGAEA) has been initiated to investigate the effectiveness and safety of fingolimod 0.5 mg (Gilenya; Novartis Pharma AG, Basel, Switzerland) in clinical practice [7] . Real-world data can also be collected retrospectively from existing data sources, such as MS registries, including the international patient registry MSBase. However, such registries tend to focus on treatment effectiveness, and provide limited safety information, whereas PANGAEA has been designed to collect robust data for both safety and effectiveness [1, [7] [8] [9] .
In the European Union (EU), fingolimod is indicated for patients with highly active MS, despite previous treatment with at least 1 DMT, and for individuals with rapidly evolving severe relapsing-remitting MS [10] . In contrast, the pivotal phase III RCTs included in the marketing authorization application to the European Medicines Agency for fingolimod [FTY720 Research Evaluating Effects of Daily Oral therapy in Multiple Sclerosis (FREEDOMS), FREEDOMS II, and Trial Assessing Injectable Interferon versus FTY720 Oral in Relapsing-Remitting Multiple Sclerosis (TRANSFORMS)] were designed to investigate fingolimod as a first-line DMT, which was the original intended label for fingolimod (see Table S1 for the eligibility criteria of these RCTs) [11] [12] [13] . Individuals in clinical practice who are eligible to receive fingolimod according to the EU label are therefore likely to have more advanced disease than those in the pivotal fingolimod RCTs, and PANGAEA will provide data with which to assess fingolimod in this real-world population [11] [12] [13] .
Patients aged over 55 years with comorbidities such as diabetes mellitus and specified cardiovascular, pulmonary, hepatic, or autoimmune conditions, and those receiving certain concomitant medications were excluded from the 3 pivotal RCTs [11] [12] [13] . For PANGAEA, the only exclusion criteria were the contraindications listed in the European fingolimod Summary of Product Characteristics [10] . PANGAEA will therefore provide data for assessing the long-term benefit-risk profile of fingolimod in subgroups of patients with comorbidities or receiving concomitant medications who can receive the drug according to the EU label but who would have been excluded from clinical trials [7] .
PANGAEA investigates all patients receiving fingolimod in clinical practice according to the EU label, including those who received the drug previously in RCTs and those starting therapy with it for the first time in clinical practice. PANGAEA provides a unique opportunity to compare directly the real-life safety and effectiveness of fingolimod in patients selected according to RCT criteria with that in individuals chosen using standard clinical practice criteria.
Herein, we describe the baseline characteristics of patients and the benefit-risk profile of fingolimod after 1 year of treatment in PANGAEA.
Methods

Study Design, Setting, and Patient Selection
PANGAEA is an ongoing, multicenter, prospective, noninterventional, observational long-term study [7] . All patients receiving fingolimod were eligible for inclusion provided they had a diagnosis of relapsing-remitting MS, had been prescribed fingolimod (0.5 mg daily) by their physician independently of study participation, and had provided informed written consent [7] . Recruitment took place at neurological practices and hospitals across Germany between April 2011 and December 2013, with the observational period expected to continue until December 2018 [7, 14] . There were no exclusion criteria, except the contradictions in the European fingolimod Summary of Product Characteristics [10] .
An ethics committee was consulted prior to the study initiation and had jurisdiction over the medical director of the study. The study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all participants in order to document his or her data prior to inclusion in the study.
Patient Population and Study Cohorts
For this analysis, patients eligible for inclusion in PANGAEA who had 12 months (± 90 days) of follow-up were divided into cohorts based on their fingolimod experience at study entry. Patients receiving fingolimod for the first time were known as the Bfingolimod starter cohort^. Those who had received fingolimod in clinical trials before PANGAEA were known as the Bprevious study cohort^. Some individuals in the previous study cohort had baseline data available from enrollment into previous fingolimod clinical trials, as well as at enrollment into PANGAEA; these patients were known as the Bprevious study subcohort^. The inclusion and exclusion criteria for clinical trials into which patients in the previous study cohort had been enrolled are shown in Table S1 .
Baseline Characteristics and Study Outcomes
At PANGAEA enrollment, comorbidities of interest [defined as comorbidities of potential interest to neurologists based on the adverse events (AEs) that patients may be at increased risk of experiencing during treatment with fingolimod, as well as on contraindications for fingolimod, as outlined in the fingolimod Summary of Product Characteristics [10] ], concomitant medications, and demographic and clinical characteristics [Expanded Disability Status Scale (EDSS) score, annualized relapse rate (ARR) in the 12-month prebaseline period, and disease severity (number of T2 or gadolinium-enhancing magnetic resonance imaging lesions)] were recorded by the treating neurologist during interviews or medical examinations. According to routine practice, and as recommended by the German Society of Neurology and the fingolimod Summary of Product Characteristics, patient visits were scheduled at baseline, at month 1, and every 3 months thereafter [7, 10] .
Clinical effectiveness was evaluated after 12 months (± 90 days) of fingolimod treatment in all patients included in the analysis. Clinical effectiveness data were collected by the treating neurologist at each visit. Outcomes investigated included change in disability from baseline in EDSS score, ARR, and the proportion of patients free from relapses and with 6-month confirmed disability worsening. Patients were classified as having experienced a relapse by the treating physician according to their clinical judgment at each patient visit. There were no predefined criteria for a patient to be classified as having experienced a relapse in this study. Relapses were documented at the time of patient visits, beginning at month 1 [7] . Confirmed disability worsening was determined according to increases in EDSS score from baseline, with confirmation of the increase in disability at a visit in the absence of a relapse. For 6-month confirmed disability worsening, the initial EDSS score at onset of disability progression, the 6-month confirming EDSS score, and all EDSS evaluations in between needed to have met the disability progression criteria.
AEs and serious AEs (SAEs) were evaluated after 12 months (± 90 days) of fingolimod treatment in all patients included in the analysis. An AE was defined as any unfavorable change in a patient's pretreatment condition, regardless of a potential relationship to treatment and irrespective of whether medication was taken as intended. SAEs were defined as lethal or life-threatening events, hospitalizations, events leading to major incapacity, persistent or significant disability or incapacity, congenital anomaly or birth defect, and events that were otherwise deemed to be medically significant (e.g., abnormal laboratory values or test results). At every visit, the treating neurologist evaluated and documented the occurrence of AEs and SAEs. For each event, the type, time of first occurrence, duration, intensity, and causal relationship to the therapy were documented. AEs and SAEs were classified using the Medical Dictionary for Regulatory Activities [7] .
Statistical Analysis
For categorical variables, data are presented as the number of cases and the proportion of cases in each category. For continuous variables, data are summarized using the mean, 95% confidence interval (CI), SD, and median. For proportions of patients, 95% CIs were calculated using the exact (Clopper-Pearson) method. For relapses, ARRs and associated 95% CIs were analyzed using a negative binomial distribution model and the logarithm of the time on study as an offset variable. Relapses were not included in this analysis if they occurred within 30 days of a previous relapse that had already been included. Patients for whom MS was a cause of death were considered to have confirmed disability worsening, regardless of the baseline EDSS score or the change in EDSS score. For comorbidities, concomitant medications, AEs, and SAEs, if patient data were missing, or if patients were lost to followup, data were taken into consideration up to the point of discontinuation; for ARR and EDSS analysis, patients were excluded from the analysis if they did not have data available after 12 months (± 90 days) of fingolimod treatment.
Results
Study Population
Patients were recruited into PANGAEA from 374 neurological centers across Germany (Fig. S1 ). A total of 4190 patients met the criteria for inclusion in PANGAEA; of these, 3315 comprised the fingolimod starter cohort and 875 comprised the previous study cohort ( Fig. 1 ). Of patients included in the previous study cohort, 505 also had baseline data available at entry into previous fingolimod clinical trials (previous study subcohort). In the previous study cohort, the mean ± SD treatment gap between the end of the RCT and enrollment in PANGAEA was 28.3 ± 102.5 days [15] .
The highest proportion of patients was recruited from office-based neurologists (66.3%), followed by universities (13.2%), hospitals (13.1%), and multidisciplinary clinics (7.4%) ( Table S2 ). The observed dropout rate during the 12month follow-up period was 13.1% (10.3% was a result of therapy discontinuation and 2.8% was a result of study discontinuation).
Baseline Characteristics
Baseline demographic and clinical characteristics are shown in Table 1 . The age distribution of patients ( Fig. S2 ) and duration of MS at entry into PANGAEA were similar across cohorts. At PANGAEA baseline, patients in the fingolimod starter cohort had numerically higher ARRs in the 12-month period before study start than those in the previous study cohort and those in the previous study subcohort. Patients in the fingolimod starter cohort also had higher EDSS scores than those in the previous study cohort and previous study subcohort at PANGAEA baseline; the distribution of EDSS scores in each of the cohorts is shown in the appendix (Fig.  S3 ). The number of gadolinium-enhancing lesions was also greater in patients in the fingolimod starter cohort than in the previous study cohort and previous study subcohort at PANGAEA baseline. For patients in the previous study subcohort, ARRs in the 12-month period before the start of RCTs, and EDSS scores at RCT baseline were similar to those at PANGAEA baseline for individuals in the previous study cohort but were numerically lower than for those in the fingolimod starter cohort.
BDepression and mood disorders^was the most commonly reported comorbidity of interest at PANGAEA baseline (fingolimod starter cohort: 9.5%; previous study cohort: 12.6%; previous study subcohort: 13 .0% Table S3 ), followed by hypertension (7.4%, 11.0%, and 11.4%, respectively). The proportion of patients with diabetes at PANGAEA baseline was highest in the fingolimod starter cohort (2.0%) but similar in the previous study cohort (0.7%) and previous study subcohort (0.7%). For concomitant medications of interest, analgesics were used by the greatest proportion of patients at PANGAEA baseline (fingolimod starter cohort: 13.4%; previous study cohort: 13.2%; previous study subcohort: 13 .5% Table S4 ). The proportion of patients using fampridine at PANGAEA baseline was highest in the fingolimod starter cohort (2.3%) followed by the previous study cohort (0.9%) and then the previous study subcohort (0.5%).
Effectiveness Outcomes at 12 Months
After 12 months of fingolimod treatment, ARRs were lower in the fingolimod starter cohort [ARR: 0.386 (95% CI 0.360-0.414)] and the previous study cohort [ARR: 0.276 (95% CI 0.238-0.320)] than in the 12-month period before PANGAEA enrollment (Fig. 2) . For patients in the previous study subcohort, ARRs after 12 months of fingolimod treatment [ARR: 0.256 (95% CI 0.210-0.312)] were numerically lower than those in the 12 months before PANGAEA or RCT enrollment. Patients at baseline with informed consent, assignment to a pre-treatment group, and a baseline and 12-month visit date n = 3262
Patients at baseline with informed consent, assignment to pre-treatment group, and a baseline visit date n = 4164
Patients at baseline with informed consent and assignment to a pre-treatment group n = 4190
Patients at baseline with informed consent n = 4233
Patients at baseline n = 4247 Fig. 1 Patient flow diagram. *Patients in the previous study subcohort (n = 505) were identified in randomized controlled trials according to patient number, sex, and year of birth between Post-Authorization Non-interventional German sAfety study of GilEnyA (PANGAEA) and previous fingolimod clinical trials. Patients with no match according to these criteria were excluded from the previous study subcohort EDSS scores remained stable after 12 months of treatment compared with PANGAEA baseline in the fingolimod starter cohort [change in EDSS scores from baseline: +0.103 (95% CI +0.061 to +0.145)] and the previous study cohort [+0·064 (95% CI -0.012 to +0.139); Fig. 3 ]. For patients in the previous study subcohort, EDSS scores after 12 months of treatment were also stable compared with PANGAEA baseline [+0.004 (95% CI -0.082 to +0.089)]. EDSS scores were numerically lower in the previous study cohort and previous study subcohort than in the fingolimod starter cohort after 12 months of treatment. A higher proportion of patients were free from relapses and 6-month confirmed disability worsening following 12 months of fingolimod treatment in PANGAEA in the previous study cohort [75.9% (95% CI 72.6-79.0)] and previous study subcohort [77.1% (95% CI 72.9-81.0)] than the fingolimod starter cohort [68.8% (95% CI 67.0-70.6); Fig. 4 ].
Safety Outcomes at 12 Months
During the first 12 months of fingolimod treatment, AEs were experienced by 21.5% of patients in the fingolimod starter cohort, 29.7% of those in the previous study cohort, and 30.9% of those in the previous study subcohort; for SAEs, the corresponding proportions were 3.8%, 4.2%, and 3.2%, respectively. For AEs of special interest (Table 2) , hypertension was the most frequent event in the fingolimod starter cohort (1.6%) and the previous study cohort (2.2%). In the previous study subcohort, the most frequent event was Data are n (%) unless otherwise indicated. PANGAEA = Post-Authorization Non-interventional German sAfety study of GilEnyA; RCT = randomized controlled trial; MS = multiple sclerosis; DMT = disease-modifying therapy; IFN = interferon; ARR = annualized relapse rate; CI = confidence interval; EDSS = Expanded Disability Status Scale; NA = not available; Gd = gadolinium *The proportion of patients in the previous study cohort who had baseline data available at enrollment into previous fingolimod clinical trials and at enrollment into PANGAEA † Duration of MS since diagnosis ‡ Patients in the previous study cohort had to discontinue fingolimod treatment between the end of RCTs and enrollment in PANGAEA; the mean ± SD gap between treatments was 28.3 ± 102.5 days increased alanine aminotransferase level (2.0%), followed by hypertension (1.3%).
Discussion
Real-world studies provide insight into the postapproval benefit-risk profile of DMTs according to their clinical use in the population of patients eligible to receive treatment in routine practice. Such studies are an important follow-on from RCTs, which are often conducted under experimental conditions in a specific population of patients in order to limit the impact of confounding factors when investigating the efficacy of DMTs [6] . The need for real-world studies is illustrated by the present analysis, which used data from the German noninterventional, observational study PANGAEA to evaluate baseline characteristics and outcomes after 12 months of fingolimod therapy in patients receiving treatment and being monitored according to standard clinical practice. Importantly, PANGAEA differs from many other real-world studies in that it provides extensive data with which to evaluate comorbidities and concomitant medications used by patients, as well as the safety of fingolimod during treatment. Furthermore, this study is novel in that it allows for direct comparisons to be made between a cohort of patients receiving fingolimod in clinical practice who met the inclusion criteria of previous fingolimod RCTs (previous study cohort) and those receiving fingolimod for the first time in PANGAEA according to its EU label (fingolimod starter cohort).
In the present study, patients receiving treatment in RCTs and those being treated in clinical practice had similar ages and disease durations at PANGAEA enrollment. However, individuals in the fingolimod starter cohort had higher baseline disease activity than those in the previous study cohort (according to ARRs, EDSS scores, and the number of gadolinium-enhancing lesions), highlighting the potential for differences between patients in RCTs and those in clinical practice. A possible reason for these differences between Previous study cohort n = 875
Previous study subcohort* n = 505
Mean ARR 12 months before RCT baseline 12 months before PANGAEA baseline After 12 months of fingolimod treatment in PANGAEA Fig. 2 Annualized relapse rate (ARR) in the 12 months before study start and after 12 months of fingolimod treatment in PANGAEA. PANGAEA = Post-Authorization Non-interventional German sAfety study of GilEnyA; RCT = randomized controlled trial. *The proportion of patients in the previous study cohort who had baseline data available at enrollment into previous fingolimod clinical trials and at enrollment into PANGAEA. Error bars show 95% confidence intervals cohorts is that a higher proportion of patients in the previous study cohort would have received fingolimod as a first-line DMT in RCTs, whereas individuals in the fingolimod starter cohort are more likely to have experienced disease activity on at least 1 previous DMT in accordance with the EU label [6] . The lower level of baseline disease activity in the previous study cohort compared with the fingolimod starter cohort may also be attributed to selection bias as patients who benefited from fingolimod in RCTs would be more likely to go on to receive it in PANGAEA. The eligibility criteria of RCTs could potentially exclude patients with comorbidities and those receiving concomitant medications who may be eligible to receive fingolimod in clinical practice. At PANGAEA enrollment, a higher proportion of patients in the fingolimod starter cohort than the previous study cohort had diabetes and more patients in the fingolimod starter cohort than the previous study cohort were using fampridine and antidiabetics. These differences most likely occur because of the unrestrictive eligibility criteria of PANGAEA compared with those of fingolimod RCTs (Table S1 ). For example, patients with diabetes were excluded from the 3 pivotal fingolimod RCTs [11] [12] [13] owing to the potentially increased risk of macular edema [7] , but were eligible to receive fingolimod in clinical practice and were therefore included in PANGAEA. Hence, PANGAEA offers the opportunity to reassess the real-world relevance of previously identified risk factors associated with fingolimod treatment, such as macular edema in patients with diabetes mellitus.
Patient baseline characteristics can potentially influence treatment outcomes [16] . Importantly, however, in the present study, irrespective of differences in disease severity, comorbidities, or concomitant medication use at baseline, ARRs were reduced after 12 months of fingolimod treatment compared with during the 12-month period before PANGAEA enrollment. In addition, EDSS scores remained stable, and a high proportion of patients were free from relapses and 6month confirmed disability worsening across the cohorts. The effectiveness of fingolimod observed in the present study is therefore consistent with data from phase 3 RCTs, despite clear differences in patient's baseline characteristics pointing towards more advanced disease at baseline in the fingolimod starter cohort than the previous study cohort [11] [12] [13] .
The safety profile of fingolimod should be considered in the context of comorbidities that patients with MS may be at increased risk of developing and concomitant medications that are used frequently [17] . For example, in the present study, concomitant medications most frequently used by patients across the cohorts were analgesics and antidepressants.
Open-label studies have demonstrated a relationship between the use of some drugs with cardiac effects (antidepressants, anticonvulsant/antimigraine, and antifatigue agents) and a need for extended first-dose monitoring [18] [19] [20] . In the present study, irrespective of differences in baseline characteristics, AEs of special interest occurring with the highest frequency across cohorts were hypertension and increased alanine aminotransferase level. These AEs are consistent with those reported in RCTs, with no new safety concerns being raised [11] [12] [13] 17] , and are also consistent with findings in real-world studies demonstrating that patients with MS are at increased risk of certain metabolic and cardiovascular diseases [17, [21] [22] [23] . A strength of this study is that it presents data reflecting the clinical use of fingolimod as a second-line therapy for a large number of patients from different types of neurological centers across Germany, and it also allows for the safety profile of fingolimod to be evaluated extensively in clinical practice. A limitation of this study is that the data may not be generalizable owing to the fact that they reflect the baseline characteristics and use of fingolimod within the German population according to its EU label. It may therefore not be possible to extrapolate these findings to other countries, particularly those in which fingolimod use is restricted or the approved label indication is different. Nevertheless, the healthcare system in Germany does not restrict patient access to fingolimod, so it is fully reimbursed as indicated in the Non-Hodgkin lymphoma 0 (0) 0 (0) 0 (0) Pregnancy Abortion, spontaneous 0 (0) 0 (0) 0 (0) Abortion 0 (0) 0 (0) 0 (0) Abortion, early 0 (0) 0 (0) 0 (0) Abortion, incomplete 0 (0) 0 (0) 0 (0) Abortion, induced 1 (0.1) 0 (0) 0 (0) Ectopic pregnancy 0 (0) 0 (0) 0 (0) Exposure during pregnancy 0 (0) 0 (0) 0 (0) WBC = white blood cells; ALT = alanine aminotransferase; BCC = basal cell carcinoma; SCC = squamous cell carcinoma. *Not all patients experienced an AE in the first 12 months of receiving fingolimod in Post-Authorization Non-interventional German sAfety study of GilEnyA (PANGAEA). The total numbers of patients reporting an AE were as follows: fingolimod starter cohort, n = 2532; previous study cohort, n = 730; previous study cohort with baseline data available from previous clinical trials, n = 437 † The proportion of patients in the previous study cohort who had baseline data available at enrollment into previous fingolimod clinical trials and at enrollment into PANGAEA label. As a result, data generated in PANGAEA present the benefit-risk profile of fingolimod within its approved EU indication in a diverse population of patients.
Using PANGAEA as a case study, this report highlights the importance of real-world studies in complementing and expanding knowledge gained from the experimental setting of RCTs by demonstrating the benefit-risk profile of DMTs according to their use in clinical practice. Importantly, PANGAEA differs from many other real-world studies in that it collects data at baseline on comorbidities and concomitant medication use, and evaluates extensively the safety profile of fingolimod. This analysis demonstrates that there are differences in baseline characteristics between patients receiving fingolimod in clinical practice and in clinical trials. Irrespective of baseline differences, fingolimod was shown to be an effective therapy with a manageable safety profile. PANGAEA investigates a broad population of wellcharacterized patients receiving fingolimod in clinical practice, which will provide the opportunity to investigate subpopulations excluded from RCTs and to compare outcomes between cohorts with different characteristics (e.g., early-stage vs late-stage disease).
